Abstract. Fatigue failure was a typical failure form of mechanical structure parts, elastic modulus drop was an important characteristic of structural material occur fatigue, so a new mechanical structure fatigue monitoring online method was proposed. Firstly, a test device that could impose cyclic load with adjustable frequency and amplitude on cantilever beams was designed; secondly, a stress measurement system based on Fiber Bragg Grating sensor to monitor structural state of fatigue was developed; thirdly, a method to calculations stress based on this system was described; finally, the online method was used in the elastic modulus drop.
Introduction
Under the action of alternating load, the material properties of the mechanical structure show the regularity of the attenuation process. It contains the occurrence of fatigue cracks, the development, the formation of macro cracks, peeling off and fracture. Fatigue damage has become an important factor that leads to the failure of the mechanical structure. According to statistics, project of fatigue fracture damage, accounted for 50% ~ 90% of all mechanical damage and fatigue damage and fatigue damage fracture is the most common form of failure of mechanical structure [1] . The damage caused by fatigue is more and more outstanding in engineering failure. Therefore, how to monitor the fatigue information in the early stage of the fatigue phenomenon is an urgent problem to be solved in the engineering field.
In order to be able to timely access to the service of machinery structure fatigue status information, only to rely on to parts of the structure were measured periodically is unable to meet the requirements. It requires long-term on-line fatigue monitoring of mechanical structure with the new monitoring device and test methods [2, 3] .
In this paper, a test device is designed to monitor the fatigue damage state of the mechanical structure. The precision control of the applied load frequency and amplitude is realized by means of the device; the strain measurement system based on Fiber Bragg grating(FBG) sensor is used to realize the load condition of the cantilever beam and the effective monitoring of the strain response. The fatigue damage state of the cantilever beam is obtained by analyzing and processing the measured data. The experimental results show that the measurement system is effective in monitoring the fatigue damage of the existing mechanical structures.
Fatigue Monitoring Test Device
Cantilever beam material is 45 steel. Cantilever beam specimen is subject to bending stress, in addition to its fixed end, the suspension section of the same force, but because of different interface size, making the stress on the cross section different. In order to cause the cantilever beam specimen to be prone to fatigue, the section of the suspension section becomes smaller. The shape of the specimen of the cantilever beam is shown in figure 1 . The design can reduce the load of the fatigue damage in the sample; the purpose is the connecting rod fatigue damage will not occur in the load transfer. It can prevent the connecting rod is fracture prior to the cantilever beam specimen due to fatigue damage. The loading mechanism is a crank mechanism, which is the core mechanism of the mechanical body part of the test device, which not only can realize the conversion of the rotary motion to the complex linear motion, but also can realize the adjustable load size [4] . Crank more hours, in order to increase the mechanical strength of the crank, the crank is changed into a disc shape. Its working principle is shown in figure 2. 
Measuring System
Components of the strain measurement system include: 1#FBG, 2#FBG, 3#FBG, ASE broadband optical module, optical tuning meter, test computer and test software. In addition, the study sample should be of force and strain ratio with the change trend of alternating load cycles, fatigue monitoring test need and number of cycles of the counting device should be designed, should stress cycle counting system components including inverter, motor, rotary table machine structure, 24 volt DC power supply, reflective paper, digital optic fiber sensors and electronic accumulator. Figure 3 shows the schematic diagram of the fatigue test. According to the principle of fiber grating sensor, the measurement system can realize the absolute measurement of temperature and strain [5, 6] . 2#FBG 3#FBG respectively measure stress and strain measurement. At the same time 1#FBG accomplishes temperature compensation, it can eliminate the temperature influence [7] . It can eliminate the temperature influence. The three FBG are connected in series, and are respectively arranged on the frame, the connecting rod and the sample, and the sensor installation arrangement is shown in figure 4 . 
Strain Calculation Method
The principle of fiber Bragg grating sensor shows that
The formula (1) is taken for differential, that is
where B λ -light through the central wavelength of fiber Bragg grating reflected, nm; n eff -the core region of the fiber is the effective refraction rate; Λ -periodic grating; B λ ∆ -strain or temperature caused by the FBG center wavelength drift, nm; ∆Λ -fiber in force under the action of the elastic deformation, eff n ∆ -fiber photo elastic effect [8, 9] . The formula (2) can be further expressed as
where e p -valid elastic optic coefficient; α -thermal expansion coefficient; ξ -thermo optic coefficient; ε K -strain sensitivity coefficient; T K -temperature sensitivity coefficient. For the 1462nm~1618nm series of gratings,
λ can be expressed as
1#FBG on the rack is not affected by the load, only by the influence of the environment temperature ， 2#FBG is not affected by the load and environment temperature, 3#FBG is nearly same, so
The strain value can be obtained by the formula (5), (6) and (7).
For the connecting rod, the stress on the connecting rod can be obtained by multiplying the sectional area of the test section by the strain value. Then the stress and strain of the cantilever beam are obtained, and a series of equivalent elastic modulus values, E eq , can be expressed as follow: where S is the cross-section area of connecting rod test section, the connecting rod can be considered as rigid, and the S can be treated as constant.
Experimental Results
Fatigue monitoring test site is shown by figure 5. Test frequency is 7Hz, motor model is Y90S-4 and motor speed is 3.5r/s. The sampling period is set to 100ms. Before the operation of the motor, the connecting rod and the cantilever beam specimens must be detached. The center wavelength of 1#FBG, 2#FBG, 3#FBG were observed and the three values as their center wavelength reference value.
According to the formula (10), the ratio of the center wavelength difference of a series of connecting rod and cantilever beam is obtained, that is, the equivalent elastic modulus. The curves of the ratio of N with the number of stress cycles are drawn under two different conditions, as shown in figure 6 (a) and (b). First test, amplitude is 15mm, frequency is 7Hz and ambient temperature is 19℃ . Ratio for the normalization of treatment mainly concentrated in the vicinity of 0.8 and then drops in the 2673501. Second test, amplitude is 20mm, frequency is 7Hz and ambient temperature is 22℃. Ratio for normalized treatment is mainly concentrated in the vicinity of 0.88 and then drops in the 2237297. The 1st and 2nd test results show that when the loading frequency is identical and the crank length is different, longer is the crank length, E eq value is larger, stress cycle times with the fatigue damage are less, and vice versa. The results of the above two tests have in common is that ratio time series curve will be decreased significantly at a time and again after a period of time, a cantilever beam specimen completely fracture. It suggests that under the effect of cyclic stress, the damage degree of the sample material is continuous accumulation, eventually leading to the fatigue fracture of the cantilever beam specimen. 
Summary
In this paper, we use the FBG sensor to measure the strain information of the mechanical structure, and get the new evaluation method of fatigue damage of mechanical components. In the process of data processing, the peak value analysis of connecting rod and cantilever beam is selected according to the characteristics of the loading mechanism. According to the stress -strain relationship, the ratio of elastic modulus should be calculated. The ratio is not the actual value of modulus of elasticity, but can reflect the mechanical structure's fatigue state information. Structure fatigue is got by studying its changing rules. The measurement system of traditional load, force measurement pairs of strain measurement transformation, makes that the measurement has the advantages of simple structure, easy to implement. It can effectively on-line monitor fatigue damage process of the key parts of the mechanical structure.
